Selective oxidations of 2-thiolumazines (10) (11) (12) by H 2 0 2 and KMn04 respectively in basic medium led to the corresponding stable pteridin-4-one-2-sulfinates (13) (14) (15) and -sulfonates (16) (17) (18) , which can be isolated in the form of their potassium salts. On oxidation of 6,7-diphenyl-2-thiolumazine (12) with 1 equivalent of H 2 0 2 resulted the 6,7-diphenyl-pteridin-4-one-2-sulfenate (22), which is regarded as an intermediate in the formation of the sulfinates. Characterization was done by elemental analysis, pKa determination, and UV-, IR-and IH-NMR-spectra.
Introduction
Since the first synthesis of a sulfur-containing pteridine in 1935 (1) little attention has been given to this group of compounds, which contains a highly potential thioamide function of versatile reactivity. Various synthetic approaches to simple thiopteridine derivatives (2 -4) have been described and alkylations and photo-oxidations (5 -8) inform about some of the reactivity of the cyclic thioamide function.
Since the chemical oxidations of 2-and/or 4-thiolumazines have so far not been investigated in detail we studied this group intensively to learn more about the reactive behaviour and of the nature of the various oxidation products. M. Polonovski et al. (9, 10) oxidized 2-thiolumazines by H Z 0 2 to the corresponding lumazines, E. M. Gal (11) converted various thiopteridines into 2-hydroxypteridines, and S. N. Baranov et al. (12) were able to transform 2,4-dithio-6,7-diphenyl-Iumazine oxidatively into 6,7-diphenyllumazine, but neither have intermediates been isolated nor are mechanisms reported to explain these interconversions. Results in the thiopurine (13) and thiopyrimidine (14) series indicated the existence of the corresponding sulfinic and sulfonic acids as the most likely intermediates. 
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21 C6 Hs cipitated in analytically pure form. The free sulfenic acid is too unstable to be isolated as such.
The sulfinates 13-15 and sulfonates [16] [17] [18] have been characterized by elemental analysis, pKa determinations by the spectrophotometric method (19) , UV-, IR-, and NMR-spectra. It is noteworthy that the first acidic pKa could not be determined due to the fast hydrolysis of the sui fin ate and sulfonate groups at pH < 3. As expected the acidity of the amide function in the pteridin-4-ones 19 -21 is gradually increased by the electron-attracting sulfinate and sulfonate groups (table 1) .
A comparison of the UV-spectra of the neutral forms of 19-21 with the monoanions of the corresponding sulfinates 13-15 and sulfonates 16-18 respectively show in general great similarities indicating that the resonance stabilized sulfur functions do not interact substantially with the pteridine chromophore. An analogous behaviour has also been observed with pteridin-carboxylates (20) . The monoanions of 19-21 have their spectral counterparts obviously in the dianions of 13-18 (table 1) .
The only derivative of this series which shows spectral irregularities is the potassium pteridin-4-one-2-sulfo- 16 
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nate (16), which shows a pronounced hypsochromic shift of the long wave length and resembles the 5,6,7,8-tetrahydropteridin-4-one maximum (22) by 5 nm. The compound also contains 2 mol of water which could not be removed by intensive drying. From these facts it is concluded that this molecule exists in the form of an equilibrium mixture of a covalent mono- (23) and dihydrate (24) respectively. Potentiometric titrations by base and acid revealed a hysteresis curve behaviour typically found with other covalent hydrates (21) .
Also from the NMR-spectra in D 2 0 and D6-DMSO it can be concluded that the monoanion of 16 is doubly hydrated in the pyrazine ring, since the heteroaromatic protons are missing. The dianion of 16 on the other hand absorbs normally at 332 nm indica ting that the characteristic C = S band at 1130 cm-1 disappears on oxidation and gives rise to new bands in the region of 980 -1000 cm -1 and 1040 -1 060 cm-I for the sulfinates, and 1030-1080 cm-1 and 1150 -1260 cm -1 for the sulfonates respectively.
The NMR-spectra are expectedly not very instructive but show the influence of the electron-attractive substituents in a small down-field shift of the 6-and 7-substituents. The chemical behaviour of the sulfinates and sulfonates has also been investigated. Acid and base treatments in aqueous solution led in both cases to hydrolytic cleavage of the sulfinate and sulfonate functions . of which the former is more reacti ve and forms at room temperature the corresponding lumazine. whereas heating is essential in the latter case to hydrolyse the sulfonate group. Treatment of the sulfinates in non-aqueous acids like formic acid or sulfuric acid affords S02 elimination, which proceeds even more easily than the corresponding decarboxylations with formation of the corresponding pteridin-4-ones 19-21. Since oxidative desulfurizations have not yct been described in the pteridine series 6,7-diphenyl-2-thiolumazine (12) was treated in formic acid with H 2 0 2 and m-chloroperbenzoic acid to give at room temperature 6,7-diphenyl-pteridin-4-one (21) The interesting synthetic approach is especially important with thiopteridines which resists the normal Raney-Nickel desulfurizations in most cases (23) .
From the hydrolysis studies it is concluded that the sulfinate and sulfonate groups should also be prone to displacement reactions with other nucleophiles. It was found that the 6,7-diphenylpteridin-4-one-2-sulfonate (18) reacts in boiling morpholine in 2 min to the 2-morpholino-6,7-diphenyl-pteridin-4-one (25) 33 34
The displacement reactions can also be achieved wi th ammonia to form the corresponding pterins. The sulfonate 12 has to be heated in an autoclave to 120 "C for 2 h to give a 81 % yield of 6,7-diphenylpterin (26), whereas the corresponding sulfinate 15 again reacts with cone. aqueous ammonia at room temperature in 3 days in 84% yield. The mild substituti on of the sulfinate group works in general with a broad variety of nitrogen nucleophiles of which n-propanolamine as a primary amine, dimethylamine, piperidine, and pyrrolidine as secondary amines, imidazole as a nitrogen heterocycle, and hydrazine have been applied with good to excellent success forming 26-32. These compounds have also been characterized by elemental analyses, pKa determination , and UV -spectra (table 2 ) .
An extension of these investigations to 3-methyl-2-thiolumazines revealed the interesting result that in this series no stable sulfinates and sulfonates could be obtained due presumably to the missing stabilisation It was furthermore recognized that in the presence of a N -3 substituent steric factors playa role in the H 2 0 2 activation of the thioamide group and the subsequent displacement reactions with nucleophiles. It was found that the oxidative transformation of 6,7-dimethyl-2-thiolumazine (11) with H zO z in aqueous ammonia and methylamine respectively led in over 80% yield to 6,7-dimethyl-(36) and N 1 ,6,7-trimethylpterin (37) with no formation of the corresponding lumazines (40), but the 3,6,7-trimethyl-2-thiolumazine (33) gave under analogous conditions increasing amounts of the hydrolysis (41, 42) over the amino products (38, 39) depending on the bulkiness of the substituents. F inally the chemical reactivItIes of the 4-thiolumazines a re also in agreement with the molecular features. Sta ble pteridin-2-one-4-sulfi nates and -sulfonates could not be obtained due to the missing intramo lecular stabilisation by H-bo nding. T he obvious activation of the 4-thione function by H 2 0 2 works well since 6,7-diphenyl-4-thio lumazine (44) (24) re-CO)
Mor ph oline N: ,Jl X 6 S _ .. _H ""' 2~: : " " """~- (14) 2.18 g (10.5 mmol) of 6,7-dimethyl-2-thiolumazine (11) (2, 11) and 0.6 g of KCI are dissolved in 50 ml of 0.4 mol/l KOH. The solution is cooled to -3°C and then within 45 min 13 ml of 6% H 2 0 2 added dropwise under stirring. The solution is acidified by glacial acetic acid (2 ml) after 2 h. The obtained precipitate is collected, washed with a little cold H 2 0 and MeOH and dried in a vacuum dessicator over P 4 0 10 to give 1.85 g (54%) of a colourless crystalline powder of m. p . > 270°C (decomp.) 3.32 g (10 mmol) of 6,7-diphenyl-2-thiolumazine (12) (2, 9) and 2.8 g of KCI are dissolved in 120 ml of 6 moljl KOH by warming. The solution is cooled to -3°C and then 25 ml of 3% H 2 0 2 added dropwise under stirring within 30 min. The solution turns dark red and changes slowly within 6 h to yellow. Acidification of the solution is done by glacial acetic acid (5 ml) and after chilling the precipitate is collected. rt is washed with cold H 2 0 , dried in vacuum at room temperature and yields 4.08 g (97%) of colourless crystals of m. p . > 220°C (decomp.). (17) 2.09 g (10 mmol) of 6,7-dimethyl-2-thiolumazine (11) (2) are dissolved in 35 ml of 1 mol/l KOH at 30 "C. A solution of 3.16 g (20 mmol) of KMn0 4 in 100 ml of H 2 0 is added dropwise within 15 min. After 30 min stirring the Mn02 is filtered off, the filtrate treated with little KHS0 3 , charcoal , and filtered again. The reaction filtrate is acidified by glacial acetic acid, chilled to 5 °C and after some time the precipitate collected, washed with little cold H 2 0 and dried in a vacuum desiccator the yield 1.63 g (56%) of colourless needles of m . p. > 300 "C. c) To a solution of 100 ml of formic acid and 1 ml of 85% H 2 0 Z are added gradually 1.3 g (3.9 mmol) of 12 within 10 min. After stirring for 1 h at room temp. the solution is diluted with 160 ml of H 2 0 and chilled in the ice-box. The separated precipitate is filtered off, the filtrate evaporated to a smaller volume to give a second fraction. The crude product is recrystallized from 30 ml ofDMF to give after drying at 100°C 0.93 g (79%) of yellowish crystals of m. p. 294°C. Lit. (29) m. p. 297°C. The isolated products are chromatographically and spectrophotometrically identical with an authentic sample. (22) In conc. NH 4 0H are dissolved 0.332 g (1 mmol) of 12 by warming to 40 "C . The solution is then cooled to ~ 1°C, whereby a fine precipitate separates. The suspension is treated with 1.1 ml (1 mmol) of 3% H Z 0 2 and stirred for 9 h till all the precipitate has dissolved again. 
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C~H7KN404S (M , 294.4)
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2-Morpholino-6,7-diphenylpteridin-4 ( 3H)one (25)
a) In 25 ml of morpholine are suspended 0.22 g (1 mmol) of 15 and then the mixture heated to reflux for 2 min. The red solution turns yellow and is then evaporated to dryness. The residue is recrystallized from 35 ml of acetone/ H 2 0 (10/ l) to yield 0.365 g (90%) of yellowish crystals ofm. p.
> 300 )C. e) In 60 ml of morpholine are suspended at 60°C 1.34 g (4 mmol) of 6,7-diphenyl-2-thiolumazine (12) . After cooling to room temp. to ml of t 5% H 2 0 Z is added dropwise and the solution stirred for 1 h. The solution is then concentrated under vacuum to a smaller volume and acidified with AcOH/H 2 0 (1 / 1). The precipitate is collected, washed with water and gives after recrystallization from DMF 0.89 g (57%) yellowish crystals of m. p. > 300 "c. > 300 D C. The product was identified by chromatographical and spectrophotometrical comparison with an authentic sample.
2-(3-Hydroxyprop ylamino J -6,7 -diphenylpteridin-4( 3HJone (27) In 50 
6,7-Dimethylpterin (36) (33)
To 75 ml of 2 mol/ l ammonium carbaminate and 5 ml of conc. ammonia are added 0.42 g (21nmol) of 6,7-dimethyl-2-thiolumazine (11) and 7 ml of 3% H 2 0 2 . The solution is stirred for 12 h at room temp., then evaporated to half of the volume, the precipitate collected, washed and dried to yield 0.31 g (80%) of a yellowish crystalline powder of m. p. > 300°C. The product is chromatographically and spectro-photometrically identical with an authentic sample.
2-Methylamino-6, 7-dimethylpteridin-4 ( 3H) one
(37) (34) 30 ml of a 1.5 mol/ l aqueous methylamine solution are buffered by CO 2 to pH 8.5. Then 0.42 g (2 mmol) of 6,7-dimethyl-2-thiolumazine (11) and 8 ml of 3% H 2 0 2 are added and the mixture stirred for 2 h at room temp. After cooling the precipitate is collected, washed with little cold H 2 0 and dried to yield 0 .35 g (85%) of colourless crystals ofm. p. 276°C (Lit. m. p. 277-281 "C).
3,6,7-Trimethylpterin (38) (33) In 50 ml of 2 moll l ammonium carbaminate solution are dissolved 0.12 g (0.54 mmol) of 3,6,7-trimethyl-2-thiolumazine (33) and then 2 ml of 3 % H 2 0 2 added dropwise with stirring. After 1 h the reaction solution is extracted continuously with chloroform for 2 d , the organic layer dried over Na2S04, evaporated to dryness and then the residue put on preparative silica-gel plates (40 x 20 x 0.2 cm) for chromatography in CHCb/ MeOH (12/ 1). Two main bands are obtained. From the faster moving band are isolated 0.034 g (31 %) of 3,6,7-trimethyl-Iumazine (41), and from the slower moving band 0.062 g (57%) of 3,6,7-trimethylpterin (38). Both products have been compared chromatographically and spectrophotometrically with authentic samples and proven to be identical. 
2-Methylamino-3,6, 7-trimethyl-pteridin-4 (3H) one
A mixture of 0.57 g (1.5 mmol) of 6,7-diphenyl-4-thiolumazine (44). 3 ml of benzylamine and 1 ml of 30% H 2 0 2 in 50 ml of ethanol are heated under reflux for 5 min. The red colour of the solution changes to yellow. It is stirred at room temp. for 2 h, sthen diluted with 30 ml of H 2 0 and after heating to 100°C dilute HCI added to get a pH 1. On cooling a precipitate separates out. The product is collected, washed and dried to yield 0.49 g (80%) of chromatographically pure material. Recrystallization from 200 ml of npropanol yields 0.29 g (48%) of colourless crystals of m. p. 300°C (Lit. m. p. 298 -300 0q.
